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Introduction

In 1981, Lebrec et al performed the first randomized clinical 
trial involving 74 cirrhotic patients with a history of variceal 
bleeding. This study documented a significant reduction in 
rebleeding in patients on propranolol as compared to placebo 
[1,2]. Since then, there has been a growing interest among 
hepatologists regarding the role of non-selective β-blockers 
(NSBB) in decreasing portal hypertension and preventing 
its complications. 

Materials and methods

The information extracted from each of the selected 
publications included study design details, patient character-
istics, treatment regimens and efficacy and tolerability end 
points. Bibliographic searches were performed in MEDLINE 

for the following words (all fields): (‘‘Beta blockers” [MeSH] 
or “propanolol or “nadolol” or “carvedilol”) and (‘‘cirrhosis” 
[MeSH]) and (‘‘refractory ascites” [MeSH] or ‘‘hemodynamic” 
or “HVPG”) and (‘‘prophylaxis” [MeSH] and “variceal bleed-
ing”). Other relevant trials were identified by hand searched 
of the reference lists of the clinical trials identified during 
electronic. A first review was performed on the abstracts of 
the articles selected and if the inclusion criteria were satisfied, 
articles were included in the analysis. Studies published in 
abstract form only, or in non-English language were excluded. 

Hemodynamic effects of NSBB and current 
guidelines

In patients with cirrhosis and esophageal varices, the 
incidence of first variceal bleeding is about 12-15% per year 
[3]. Despite improvements in treating this complication, the 
mortality rate associated with variceal bleeding is still high (15-
20%) [3-5]. Therefore, the prevention of first variceal bleeding 
has always been considered mandatory. Several randomized 
trials have confirmed that NSBB represent an effective treat-
ment in primary prophylaxis for variceal bleeding in patients 
with esophageal varices as confirmed by a meta-analysis [6]. 
The role of medical treatment in secondary prophylaxis of 
gastrointestinal bleeding due to varices has also been well 
established [7]. The effect of NSBB in preventing variceal 
bleeding is thought to be mediated by several mechanisms 
acting on the hemodynamic alterations present in patients 
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Abstract Since the original description of the effectiveness of β-blockers in lowering the portal pressure 
and therefore the risk of variceal bleeding, more than 500 articles in the English literature on the 
use of non selective β-blockers (NSBB) in cirrhosis have been published. The use of NSBB in 
pre-primary prophylaxis of variceal bleeding is currently not indicated. In primary prophylaxis, 
patients with high risk small varices or large/medium varices should receive primary prophylaxis 
either with NSBB or with endoscopic band ligation if there are contraindications to NSBB. For 
secondary prophylaxis the current recommendation is to receive a combination of NSBB and 
endoscopic variceal ligation. In addition to lowering portal pressure, NSBB can also reduce 
bacterial translocation, potentially exerting multiple beneficial effects which go beyond the 
reduction of bleeding risk. Carvedilol is a NSBB with intrinsic anti-α(1)-adrenergic activity, 
possibly more effective than propranolol in lowering portal hypertension. A potential harmful 
effect of propranolol in patients with cirrhosis with refractory ascites deserves further confirma-
tion. NSBB remain the cornerstone of therapy in cirrhotic patients with portal hypertension. 
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with cirrhosis [5,8,9]. Patients with portal hypertension have 
a hyperdynamic circulation characterized by an increased 
cardiac output and splanchnic blood inflow and a reduced 
peripheral and splanchnic vascular resistance, associated with 
an expanded plasma volume. Along with the increase in the 
intra-hepatic resistance this hyperdynamic circulatory state 
plays a major role in the pathogenesis of portal hypertension 
and its complications [10]. The most important hemodynamic 
effect of NSBB is a decrease in cardiac output via β1 receptors 
and a splanchnic vasoconstriction through β2 receptors, lead-
ing to a reduction in portal inflow [1,11]. Moreover a direct 
reduction in variceal flow, due to the increase in porto-collateral 
resistance [12,13] and to a decrease in total effective vascular 
compliance, seems to contribute to the prevention of variceal 
bleeding during propranolol treatment [14]. 

The hepato-venous pressure gradient (HVPG), a surro-
gate marker of portal pressure [15-17], has been utilized to 
monitor the hemodynamic response in patients with portal 
hypertension taking NSBB. Previous studies have shown that 
those patients who obtain a reduction of HVPG greater than 
20% from baseline or to <12 mmHg, are to be considered 
“hemodynamic responders”, and will benefit from a significant 
reduction in risk of variceal bleeding [18,19].

The most commonly used guidelines for the manage-
ment of portal hypertension are the ones agreed at the last 
international consensus conference on portal hypertension 
(Baveno V), which include recommendations for pre-primary, 
primary and secondary prophylaxis of variceal bleeding with 
NSBB [20].

Pre-primary prophylaxis is aimed at preventing the devel-
opment of esophageal varices [20]. While some pathophysi-
ological experimental studies have suggested a role of NSBB 
in preventing the development of the collateral circulation 
[21,22], only few studies were performed to test this hypothesis 

in humans. A multicenter study randomized 213 cirrhotics 
without varices and HVPG >6 mmHg to be treated with NSBB 
or placebo. This study showed that NSBB did not prevent 
the formation of varices and were even associated with an 
increased number of adverse events requiring discontinuation 
of treatment [25]. As a result, the use of NSBB in pre-primary 
prophylaxis of variceal bleeding is currently not indicated [20]. 

NSBB might also have a role in reducing the rate at which 
varices increase in size. An analysis of 206 cirrhotics with 
small or no varices performed by Calès et al reported that 
an increase in size of varices over a period of one year was 
more frequent in patients treated with NSBB, as compared 
to those on placebo [23]. On the other hand, Merkel and co-
workers showed a trend towards a decreased progression of 
varices (from small to large) in patients treated with nadolol 
as compared to placebo [24].

The main factors predicting risk of variceal bleeding are the 
size of varices, the presence of red wale marks and the severity 
of liver disease as expressed by the Child Pugh score [3,26]. 
Therefore, based on these epidemiological data, patients at 
high risk are those with medium/large varices or those with 
small varices and red wale marks or Child Pugh class B/C. 
Patients with large/medium varices should receive primary 
prophylaxis either with NSBB or with endoscopic band liga-
tion, whereas in high risk patients with small varices the main 
treatment is represented by NSBB (Fig. 1). Regarding low risk 
patients with small varices, these may be treated with NSBB 
to prevent progression of varices and bleeding [20].

The risk of rebleeding in patients who survive after a first 
bleeding episode is high (median 60%) and this event is as-
sociated with a 30% mortality. Secondary prophylaxis with 
NSBB has been shown to be effective in decreasing both the 
risk of recurrent bleeding and mortality [7,27]. The current 
recommendation for these patients is to receive a combination 

Figure 1 β-Blockers in primary prophylaxis for variceal bleeding
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of NSBB and endoscopic variceal ligation, as this appears to 
be superior to either treatment alone [28].

Carvedilol: a new agent in the pipeline

In addition to propranolol and nadolol, carvedilol has 
been investigated as a promising NSBB with the additional 
property of vasodilatation due to its intrinsic anti-α1 adren-
ergic activity and its capacity to enhance the release of nitric 
oxide [29]. Thus, carvedilol reduces portal pressure not only 
by decreasing portal-collateral blood flow (as all other NSBB) 
but also by diminishing the functional component of hepatic 
vascular resistance which is increased in cirrhosis. Due to 
these effects, this drug may cause a higher risk of arterial 
hypotension leading to discontinuation of treatment. Indeed, 
a reduction in mean arterial pressure has been documented 
in patients on carvedilol, proportionally to the dosage [30]. 
Other promising effects of carvedilol are those of scavenging 
and suppressing reactive oxygen species [31-33], leading to 
a possible cytoprotective and anti-oxidant effect [34]. Ame-
lioration of oxidative stress with carvedilol might even lead 
to antifibrotic effects [35].

Several clinical trials reported the efficacy of carvedilol 
in lowering HVPG [36,37]. Carvedilol succeeded in reducing 
HVPG more than propranolol in some randomized clinical 
trials [30,38,39], while De and colleagues found the two to 
be equivalent [40]. Lo and co-workers recently evaluated 
the use of carvedilol vs nadolol plus isosorbide-mononitrate 
in preventing variceal rebleeding. These authors concluded 
that carvedilol was as effective as nadolol plus isosorbide-
mononitrate with fewer severe adverse events and a similar 
rate of survival [41]. This trial should be considered with 
caution due to the high rebleeding rates (60% in both groups) 
probably caused by the fact that these patients did not receive 
endoscopic treatment together with drug therapy [42]. More-
over, β-blockage was not reflected by a decrease in heart rate 
and HVPG measurements were not performed.

Only one randomized non-blinded trial compared the role 
of carvedilol for primary prophylaxis of variceal bleeding with 
endoscopic band ligation (EBL), demonstrating a significantly 
lower bleeding rate in patients on carvedilol as compared to 
those treated with EBL, but without any differences in mortal-
ity between the two groups [43]. The study however did not 
include hemodynamic measurements. A recent study also 
showed that carvedilol achieved a hemodynamic response 
in 56% of hemodynamic non responders to propranolol [44]. 

It is advised that carvedilol should be started at low doses 
(6.25 mg/day). If tolerated, the dose is increased stepwise up 
to a maximum of 25 mg b.i.d. (50 mg in patients weighing 
>85 kg). Titration should be done slowly, increasing the dose 
at intervals of 1-2 weeks. The dose should not be increased in 
patients developing symptoms or with a systolic blood pressure 
<90 mmHg or a heart rate <50 beats per min.

Further studies are required to confirm these results and 
to analyze the role of carvedilol in secondary prophylaxis and 

its effects in certain subgroups, such as patients with decom-
pensated cirrhosis or patients not responding to propranolol.

NSBB: non-hemodynamic mechanisms

The use of NSBB might also be beneficial for other out-
comes, such as ascites, spontaneous bacterial peritonitis 
(SBP), hepatorenal syndrome (HRS), hepatic encephalopathy 
and overall survival. A landmark study by Abraldes et al 
documented a positive effect of NSBB in the prevention of 
the development of ascites, SBP and hepatic encephalopathy 
[45]. Likewise, Hernandez-Gea and colleagues demonstrated 
that in patients with compensated cirrhosis and large varices 
treated with NSBB, even an HVPG decrease >10% was able to 
significantly reduce the risk of developing ascites and other 
complications such as refractory ascites and HRS [46]. These 
findings may suggest that NSBB, in addition to their protective 
role for variceal bleeding, might also be beneficial for other 
complications of portal hypertension. 

During recent years there has been increasing attention 
towards the role of infections in cirrhotic patients [47-49]. 
Episodes of infection represent a frequent and severe burden 
in this group. Up to 40% of hospitalized patients with cirrhosis 
have infections and this is associated with longer hospital 
stay and a higher risk of death. Infection related mortality 
is reported to be between 15% and 19% [50,51]. Bacterial 
infections have also been found to be associated with upper 
gastrointestinal bleeding [52,53], failure to control variceal 
bleeding [54] and early variceal rebleeding [55]. Moreover, the 
occurrence of bacterial infections marks an important point in 
the natural history of patients with cirrhosis, carrying a 30% 
mortality at one month and a 60% mortality at one year [56].

A substantial number of infections in cirrhotic patients 
is likely to be linked to bacterial translocation (BT), defined 
as the migration of microorganisms or microbial products 
from the intestinal lumen to the mesenteric lymph nodes or 
other extra-intestinal sites [57,58]. Mechanisms contributing 
to this phenomenon are small intestinal bacterial overgrowth 
(SIBO) and structural and functional alterations of the intes-
tinal mucosa, together with an impaired immunity [58,59].

The advanced stages of cirrhosis are characterized by an 
elevated activity of the sympathetic nervous system whose 
fibers terminate in blood vessels, gut-associated lymphatic 
tissue and in the intestinal mucosa. The increased level of 
norepinephrine promotes the development of SIBO by decreas-
ing the intestinal transit time, impairing the mucosal barrier 
function and inhibiting local chemotaxis and phagocytosis [60].

Two in-vitro studies also suggest that in the intestinal lu-
men, norepinephrine is absorbed by Escherichia coli and other 
gram-negative gut bacteria resulting in an increase in growth, 
virulence and ability to adhere to the gut mucosa [61,62]. 

Portal hypertension leads to an increase in intestinal per-
meability by reducing velocity of mucosal blood flow, causing 
phlebectasia and congestion of sub-mucous capillaries and 
veins [63]. Thus, while there is an increase in total splanchnic 
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blood flow due to progressive vasodilatation [64], there is also 
an irregular distribution of the intestinal microcirculation, 
with a reduction in effective mucosal blood flow leading to 
hyperemia, edema, ischemia, and potentially erosions [63]. 

NSBB, through the decrease in portal hypertension 
and also through their sympathicolythic action, may exert 
a beneficial effect by improving the intestinal congestion 
and edema and by normalizing the intestinal transit. Both 
these mechanisms may play a role in the prevention of BT. 
In experimental animal models of portal hypertension, pro-
pranolol increases bowel motility and reduces the overgrowth 
of enteric bacterial flora, the migration of microbiota into 
the systemic circulation and the development of SBP [65]. 
However, direct evidence of the effect of NSBB on BT in cir-
rhotic patients is still lacking and the only available data is 
based on post-hoc analysis evaluating the effect of NSBB in 
development of SBP [66-69]. These studies point towards a 
decreased incidence of SBP in patients taking NSBB. A recent 
meta-analysis also confirmed a protective effect of NSBB on 
the development of SBP [70].

It is important to underline that none of these studies 
analyzed the modifications in intestinal permeability and in 
BT related to NSBB. The effects of propranolol on gastro-
duodenal/intestinal permeability (assessed by sucrose-lactulose-
mannitol test) and BT (assessed by determination of levels of 
lipopolysaccharide-binding protein, interleukin-6 and malo-
ndialdehyde) have been investigated in a recent study [71]. The 
authors concluded that NSBB are able to ameliorate intestinal 
permeability and BT in cirrhotic patients [71]. Importantly, 
this protective effect appeared to be partially independent from 
their hemodynamic effect on portal pressure, supporting the 
involvement of non-hemodynamic mechanisms. 

The presence of beneficial effects of NSBB unrelated to 
their hemodynamic mechanism is also suggested by the fact 
that patients, even when “hemodynamic non responders”, 
may have a reduced risk of bleeding while receiving NSBB 
[72]. Another study found a reduction in the incidence of 
SBP with a reduction in HVPG of 11% [67], which is less than 
that required for the definition of hemodynamic response. It 
is certainly possible that some of these beneficial effects are 
not related at all to reductions in portal pressure.

NSBB in patients with refractory ascites

While a beneficial role of NSBB on several outcomes in 
cirrhotic patients is well established [45,46], the effect in 
patients with refractory ascites is still unclear, and a possible 
harmful effect is under debate. 

The effects of NSBB in reducing cardiac output and 
splanchnic blood flow, while potentially beneficial in reducing 
splanchnic inflow and portal pressure, might be harmful in 
decompensated cirrhotics and particularly in those with refrac-
tory ascites. The cardiac function of patients with advanced 
cirrhosis may already be impaired by the so called cirrhotic 
cardiomyopathy. This consists in systolic incompetence under 

situation of stress, diastolic dysfunction related to altered 
diastolic relaxation, and electrophysiological abnormalities 
[73-75]. The underlying pathogenetic mechanisms include 
abnormalities in the β-adrenergic signaling pathway, the 
presence of substances with a negative inotropic effect (such 
as nitric oxide and carbon monoxide), the excessive sodium 
and volume retention leading to cardiomyocyte hypertrophy, 
and possible ion channel defects [76,77]. Clinically, systolic 
incompetence is most evident when the extent of peripheral 
arterial vasodilatation demands an increased cardiac output 
as in the case of bacterial infections or procedures such as 
TIPS placement or large-volume paracentesis [78-80]. In this 
scenario, the use of a drug such as NSBB may theoretically 
further worsen the hemodynamic status.

Didier Lebrec and co-workers, who originally described 
the effectiveness of propranolol in reducing the risk of vari-
ceal bleeding [2], analyzed the hemodynamic effects and the 
impact on survival of NSBB in patients with refractory ascites 
[81]. Of the 151 enrolled patients, 51% had esophageal varices 
and were taking propranolol (it is not specified whether for 
primary or secondary prophylaxis), whereas only 4 patients 
without varices were taking this drug. The authors reported a 
median survival of 5 months in patients on propranolol versus 
20 months in those not receiving this drug. They concluded 
that the use of NSBB in cirrhotic patients with refractory 
ascites might be deleterious. The results of this study were 
extensively criticized. Indeed, this study was not a random-
ized trial but a prospective observational analysis and patients 
taking propranolol seemed to have more severe liver disease, 
besides obviously having a much higher prevalence of varices. 
HVPG measurement was only performed in a small number 
of patients, and therefore a significant difference in HVPG 
(a major prognostic variable) cannot be excluded. Indeed a 
difference in HVPG would be expected given the difference in 
prevalence of varices. Another criticism concerns the causes 
of death: among 97 patients, 50 died of sepsis, 13 of progres-
sion of hepatocellular carcinoma and 25 of unknown causes 
while 9 patients were unaccounted for. This is in contrast to 
previous findings suggesting a protective effect of NSBB for 
infections. The mortality rate was also much higher than in 
other comparable studies [41,70,82]. 

To further investigate their hypothesis, the same authors 
performed a cross-over study aimed at evaluating the effect of 
NSBB on the development of paracentesis-induced circulatory 
dysfunction (PICD) [83], which is a circulatory dysfunction 
syndrome occurring after large-volume paracentesis. This 
is characterized by systemic vasodilatation and decrease in 
effective arterial blood flow and associated with reduced 
survival [78,84-86]. In this study, 10 cirrhotic patients with 
refractory ascites taking NSBB were enrolled and monitored 
before, immediately after and one week after a large-volume 
paracentesis. NSBB were then discontinued (after endoscopic 
variceal treatment) and paracentesis and clinical evaluations 
were repeated. The incidence of PICD decreased from 80% 
to 10% after the withdrawal of NSBB, suggesting that NSBB 
may have a potentially deleterious effect through further 
compromising the already impaired hemodynamic balance 
in patients with advanced cirrhosis. However, these results 
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should be validated in randomized trials before any clinical 
recommendations can be made.

Hemodynamic responders  
and non-responders: utility of assessing  
HVPG response

Advantages of NSBB include not only their low cost and 
ease of administration, but also the fact that further endoscopic 
follow up is not necessary once treatment has been started. 
On the other hand, the main inconvenience of NSBB is that 
15% of patients may have absolute or relative contraindica-
tions to this treatment and another 15% may present side 
effects requiring dose reduction or discontinuation [87,88]. 

The need for assessing hemodynamic response to NSBB is 
not clear. As already mentioned, longitudinal studies in patients 
treated with NSBB both in primary and secondary prophylaxis 
have suggested a very low residual risk of bleeding if there is 
a decrease of HVPG by at least 20% of baseline or to values 
≤12 mmHg [19,45,67,89,90]. Patients achieving such a target 
reduction in portal pressure have been defined hemodynamic 
responders. However, concerns have been raised in relation to 
the feasibility, the clinical appropriateness, the risks and the 
costs of repeated HVPG measurement [91]. Also, a substantial 
number of patients rebleed before their hemodynamic response 
can be assessed [91]. This problem could partially be solved 
by re-measuring the HVPG after a shorter interval (even 
less than 1 month) [92]. Some studies investigated the role 
of acute HVPG response to i.v. propranolol in predicting the 
risk of bleeding and survival [46,93,94]. It is possible that the 
assessment of such an acute hemodynamic response may have 
clinical utility, possibly even with a lower threshold (HVPG 
reduction of 9-12%). However, further studies are needed.

In addition, there are a substantial number of patients who 
find themselves in what has been termed a grey area, in which 
clinical benefit from NSBB is not explained by changes in portal 
pressure. This could be explained by the non hemodynamic 
mechanisms of NSBB described earlier. The protective effect 
of β-blockers may not only be due to a reduction in portal 
pressure but also to a reduction in bacterial infections and, 
through this, to a reduction in the risk of bleeding [59,72,95]. 
Indeed, even hemodynamic non responders to NSBB may 
benefit from some of these beneficial effects [72].

As a result, it currently seems reasonable to aim for the 
maximum tolerated dose of NSBB in all patients who have 
no contraindications to this treatment, without the need 
for routine assessment of hemodynamic response through 
HVPG measurement.

Concluding remarks

Despite some debate about the relative benefit of NSBB 
in patients with refractory ascites, they are still considered 
the “aspirin of hepatologists’’ [96], both due to their hemo-

dynamic and non-hemodynamic effects. The distinction of 
hemodynamic responders and non-responders does not fully 
take into account the complexity of the effects of this class of 
drugs, which represents one of the most frequently used in 
patients with cirrhosis over the last thirty years.
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